The purpose of this study was to determine if implantation of autologous bone-marrow-derived cells has the potential to treat stress urinary incontinence caused by intrinsic sphincter deficiency. Bone marrow cells harvested from femurs of New Zealand White rabbits were cultured for 10 days. Seven days before implantation, the urethral sphincters located at the internal urethral orifice were cryo-injured by spraying liquid nitrogen for 15 s. The cultured autologous bone-marrow-derived cells were implanted 7 days after cryo-injury. For controls, cell-free solutions were injected. At 7 and 14 days after implantation, leak point pressures were determined and the urethral sphincters were examined by immunohistochemistry. At 7 and 14 days, the cell-implanted regions contained numerous striated and smooth muscle-like cells expressing myoglobin and smooth muscle actin, respectively. The proportions of myoglobin-and smooth muscle actin-expressing areas in both the 7-and 14-day cell-implanted regions were significantly higher than in controls. By 14 days, these differentiated cells formed contacts with similar cells, creating layered muscle structures. At that time, the leak point pressure of the cellimplanted rabbits was significantly higher than that of the controls. In conclusion, autologous bone-marrowderived cells can reconstruct functional urethral sphincters.
Introduction

S
tress urinary incontinence (SUI) is an involuntary leakage of urine that occurs during physical activity, such as coughing, sneezing, or lifting heavy objects, and is the most common type of urinary incontinence. 1, 2 The worldwide number of patients having SUI is estimated to be over 200 million.
1,2 SUI can be grouped into two major categories, urethral hypermobility and intrinsic sphincter deficiency. 3 The urethral hypermobility-related SUI, which results from loss of bladder neck support, 4, 5 can be improved by surgical therapies to lift the bladder and urethra. [6] [7] [8] [9] The intrinsic sphincter deficiency, characterized by a severely decreased urethral closure pressure due to malfunction of the closure mechanism, results in intractable SUI. 10 Approximately 20% of SUI patients are affected by this form, which can occur as a result of radical prostatectomy, 11, 12 bladder neck surgery, 13 or neurogenic and idiopathic diseases in urinary sphincters. [14] [15] [16] [17] In these cases, improvement of urinary continence requires increased urethral closure pressure. Injection of a bulking agent, such as collagen, into the periurethral tissue, [18] [19] [20] [21] and surgical implantation of a device, such as artificial urinary sphincter, 22, 23 have been widely accepted as treatments for the intrinsic sphincter deficiencyrelated SUI. For the majority of patients, the benefits of these treatments are not enough because the continence rate sharply decreases with time, 24, 25 or the injection or implantation of these materials can cause severe side effects, such as inflammation, foreign giant cell responses, abscesses, erosions, and voiding dysfunction. [26] [27] [28] [29] Therefore, the intrinsic sphincter deficiency-related SUI has few effective treatments.
In the urinary continence system, urethral closure pressure for prohibiting the release of urine is produced by the urethral sphincter, composed of striated and smooth muscle cells. Thus, replacement, enhancement, or recovery of the striated and smooth muscle in the urethral sphincter has great potential to be developed as a treatment for the intrinsic sphincter deficiency-related SUI. 3, 30 Our strategy to accomplish the regeneration of functional urethral sphincters is the utilization of autologous bone-marrow-derived cells. These cells are capable of differentiating both in vitro and in vivo along multiple pathways that include striated and smooth muscle 31 as well as bone, cartilage, adipose, neural cells, tendon, and connective tissue. [32] [33] [34] Further, in the translation to clinical therapy, autologous cells are superior to allogenic cells because the autologous cells are not burdened with immunological rejection or ethics problems. In this study, we injured rabbit urethral sphincters, resulting in the loss of the majority of striated and smooth muscle cells and reduced urinary continence. We then determined if autologous bone-marrowderived cells implanted into the injured urethral sphincters could differentiate into striated and smooth muscle and reconstruct functional urethral sphincters.
Materials and Methods
Animals
Twenty-four female New Zealand White (NZW) rabbits ( Japan SLC Inc., Shizuoka, Japan) at postnatal week 10 were used for the experiments. Animals were treated in accordance with National Institutes of Health Animal Care Guidelines, and the guidelines approved by the Animal Ethics Committee of Shinshu University School of Medicine.
Harvest and culture of autologous bone marrow cells
To harvest bone marrow cells without euthanasia, we modified the method reported by Kushida et al. 35 Sixteen NZW rabbits were anesthetized by inhalation of sevoflurane (Sevofrane Ò ; Abbot Japan Co., Ltd., Tokyo, Japan). In each animal, two pediatric bone marrow needles were inserted 2 cm apart into a femur. One needle was connected to a syringe filled with 20 mL saline. The bone marrow cells were flushed out with the saline and collected through the other needle, which was connected by extension tubing that terminated in a 50-mL collection tube. The suspended cells were mixed with 20 mL of the culture medium composed of 4.5 g/ L glucose-Dulbecco's modified Eagle's medium (Invitrogen Life Technologies, Carlsbad, CA) supplemented with 15% regular fetal bovine serum (Biowest, Paris, France) and 0.1% penicillin-streptomycin (Invitrogen Life Technologies). The diluted cell suspension was then filtered through 40 mm nylon mesh filters (BD Biosciences, San Jose, CA). After centrifugation at 1000 rpm for 4 min, the cells were resuspended with the culture medium.
The harvested bone marrow cells were cultured on type I collagen-coated 75-cm 2 culture flasks (Asahi Glass Co., Ltd., Tokyo, Japan) with the culture medium for 10 days at 378C with 5% CO 2 . During the culture, the medium was completely replaced every other day, and nonattached cells were discarded. Eight days after seeding, the cells were transfected with a plasmid DNA encoding the green fluorescence protein (GFP) gene according to our previous study. 36 Briefly, we transfected the plasmid DNA encoding GFP gene (10 mg, pAcGFP I; BD Biosciences) into the cells by using Lipofectamine 2000 Reagent (Invitrogen Life Technologies). At 2 days after transfection, GFP-labeled, adherent, proliferating bone-marrow-derived cells were dissociated with 0.25% trypsin (Invitrogen Life Technologies) in phosphate-buffered saline (PBS), and suspended at 0.5Â10 7 cells/mL with the culture medium.
Production of cryo-injured urethral sphincters
Seven days before implantation, the same NZW rabbits from which the cells had been harvested were anesthetized as above. The urinary bladders were exposed through an abdominal midline incision, and then the anterior walls of the urinary bladders were incised. The urethral sphincters, which were located at the internal urethral orifice at the inferior end of the bladder and the proximal end of the urethra at the junction of urethra with the urinary bladder, were sprayed with the liquid nitrogen for 15 s (Cryo Pro Ò ; Cortex Technology, Hudsund, Denmark). The urinary bladder was then surgically closed and returned to the pelvic cavity.
We determined the degree of damage due to freezing 7 days after cryo-injury. In addition to cryo-injured rabbits (n ¼ 4), four others were treated identically except that the urethral sphincters were not sprayed with liquid nitrogen. These served as sham-injured rabbits. At 7 days after the operations, we measured the leak point pressure and removed the lower urinary tracts for histological investigations (described below).
Implantation of autologous bone-marrow-derived cells
Ten days after harvesting the bone marrow cells and placing them in culture, and 7 days after cryo-injury operations, the rabbits were divided into cell implantation (n ¼ 8) and cellfree injection control (n ¼ 8) groups. After re-anesthetizing the rabbits, the injured regions located at the internal urethral orifice were exposed. For the cell implantation group, the 0.5Â10 6 autologous bone-marrow-derived cells suspended in 100 mL culture medium were implanted into the injured regions at the 3-, 6-, 9-, and 12-o'clock positions with 29-gauge syringes. The total number of cells injected was 2.0Â10 6 . For the cell-free injection control group, 100 mL of the cell-free culture medium was similarly injected. The implantation cell number and volume were chosen to avoid further damaging the host tissues or the implanted cells with shear stress. At each operation, the retention of small swellings that included the implanted cells or control media was visually confirmed. At 7 and 14 days after implantation, cystometric investigations (n ¼ 4, in each group and at each day) were performed (described below). Immediately following these physiological studies, the lower urinary tracts, including the cell-implanted and the control-injected regions, were removed for immunohistochemical investigations (described below).
Immunohistochemistry
Tissue samples were fixed in 4% paraformaldehyde and 4% sucrose in 0.1 M phosphate buffer, pH 7.4, for 12 h at 48C, and then decalcified with 10% ethylenediaminetetraacetic acid solution (Osteosoft Ò ; Merck KGaA, Darmstadt, Germany) for 12 h at pH 7.2 and 48C. The treated samples were embedded in paraffin, and cut in 5-mm-thick serial sections. The sections were deparaffinized, rehydrated, rinsed three times with PBS, and immersed in 10 mM sodium citrate, pH 6.0. For antigen retrieval, they were then microwaved at 1008C for 5 min. The specimens were coated with 1.5% normal donkey serum (Chemicon International Inc., Temecula, CA) and 1.5% nonfat milk in PBS for 1 h at 48C.
To detect implanted bone-marrow-derived cells, the sections were incubated for 12 h at 48C with GFP antibody (1:500, mouse monoclonal; Chemicon International Inc.). The sections were rinsed with PBS at 48C, and then incubated with secondary antibody consisting of donkey anti-mouse IgG conjugated with Alexa fluor 488 (1:250; Molecular Probes, Eugene, OR) for 1 h at 48C. Additionally, cultured bone-marrow-derived cells transfected with GFP were similarly stained on day 10 of culture, 2 days after transfection.
Following subsequent rinsing, the sections were then incubated for 12 h at 48C with antibodies for myoglobin (1:200, rabbit polyclonal; Spring Bioscience Inc., Pleasanton, CA), alpha-smooth muscle actin (SMA, 1:100, mouse monoclonal; Progen Biotechnik GmbH, Heidelberg, Germany), or Pax7 (1:1000, rabbit; LifeSpan Bioscience Inc., Seattle, WA) antibody as markers for striated muscle cells, smooth muscle cells, and myoblasts, respectively. The sections were rinsed with PBS at 48C, and then incubated with secondary antibody consisting of donkey anti-rabbit or mouse IgG conjugated with Alexa fluor 594 (1:250; Molecular Probes) for 1 h at 48C. Following rinsing, they were counterstained with 4 0 ,6-diamidino-2-phenylindole dihydrochloride (5 mg/mL; Molecular Probes), and then coated with Fluorescent Mounting Medium (Dako Cytomation, Carpinteria, CA). The slides were observed and photographed with a Leica DAS Microscopethe (Leica Microsystems GmbH, Wetzlar, Germany). Other sections from each sample were stained with hematoxylin and eosin. Additionally, cultured bone-marrowderived cells transfected with GFP were similarly double stained with GFP and myoglobin or SMA antibodies as above on day 10 of culture, 2 days after GFP transfection.
Using an image analysis program (Image-Pro Ò Plus; Media Cybernetics Inc., Bethesda, MD), the areas of fluorescence markers of anti-myoglobin and anti-SMA at the 3-, 6-, 9-, and 12-o'clock positions of the internal urethral orifice in each slide were semiquantitatively evaluated.
Electron microscopy
Before the cell implantation experiments, we analyzed by transmission electron microscopy sham-injured (n ¼ 4) and cryo-injured (n ¼ 4) urethral sphincters 7 days after wounding. The tissues were fixed overnight in 2.5% glutaraldehyde in 45 mM cacodylate buffer, pH 7.2. The glutaraldehydefixed specimens were washed three times in 180 mM sucrose in 80 mM cacodylate buffer at 48C for 3 h, and then postfixed in 1% osmium tetroxide in 0.1 M sodium cacodylate buffer for 60 min at 48C. The specimens were dehydrated in a graded series of ethanol and embedded in epoxy resin. Ultrathin sections were stained with uranyl acetate and lead citrate. These samples were observed with a JEOL JEM-1200 transmission electron microscope ( JEOL Ltd., Tokyo, Japan) at an accelerating voltage of 80 kV.
Measurement of leak point pressure
At 7 and 14 days after cell-implantation and cell-free control injection, the animals (n ¼ 4, in each group and at each day) were anesthetized as above. A polyethylene catheter (PE90; Nippon Becton Dickinson, Tokyo, Japan) was inserted into the exposed bladder top, and fixed at that site with a 5-0 silk thread. The urinary bladder was connected via the inserted catheter to a pressure transducer (P23 DC; Statham, Oxnard, CA) and a microinjection pump (Model 200; Muromachi-Kikai, Tokyo, Japan). Saline maintained at room temperature was instilled into the urinary bladder at a rate of 10 mL/h. The internal bladder pressures were recorded continuously on a pen oscillograph (10 mm/min recording speed, Recti-Horiz-8K; NEC San-ei Instruments, Tokyo, Japan). The internal bladder pressure sufficient to cause leakage from the urethra was recorded as the leak point pressure.
Statistical analysis
Results were expressed as means AE standard deviation. We used the Excel Ò statistical program (Esumi Co., Ltd., Tokyo, Japan) to determine statistical differences by unpaired t-tests. Differences with p < 0.05 were considered significant.
Results
Autologous bone-marrow-derived cells
To conduct autologous implantation, we harvested bone marrow cells from a femur of each anesthetized animal by the flush out method (Fig. 1A) . Immediately after plating in collagen-coated culture flasks, the newly harvested bone marrow cells consisted of heterogeneous, spindle-shaped, round, and polygonal cells along with red blood cells. Eight days after seeding, the cells were attached to the flasks and had achieved *80% confluence. At that time, they were transfected with the GFP gene for identification in the recipient tissues. Two days after transfection, the adhered proliferating cells were relatively homogenous in spindleshaped appearance, and *90% stained with GFP antibody (Fig. 1B) . The cultured cells were not positive for striated and smooth muscle cell differentiation marker antibodies ( Fig. 1C and D, respectively).
Cryo-injured urethral sphincter models
We cryo-injured the urethral sphincters, which were located at the internal urethral orifice (Fig. 1E) , with liquid nitrogen spray. The frozen regions were thawed by room and body temperature within *20 s. Immediately afterward, the wounded internal urethral orifice was flaccid and gaped open (Fig. 1F ). Before the cell-implantation experiments, we examined 7-day-old sham-injured and cryo-injured urethral sphincters. The sham-injured internal urethral orifices were tightly closed by the musculature of the urethral sphincters ( Fig. 2A) . The muscle tissues within the intact urethral sphincters (Fig. 2B) were composed of striated muscle cells having a distinct striped appearance formed by regularly placed myofibrils and smooth muscle cells having irregularly placed myofibrils (Fig. 2C) . In contrast, the 7-day-old cryoinjured internal urethral orifices appeared to be relaxed, creating a larger orifice (Fig. 2D) . The injured urethral sphincters showed reactive changes, including loss of muscle mass and the relative disorganization of the remaining muscle tissues (Fig. 2E) . The injured urethral sphincters lost the majority of the typical striated and smooth muscle cells (Fig. 2F) . Immunohistochemistry showed that the shaminjured urethral sphincters had distinct muscle tissues composed of numerous myoglobin-and SMA-positive cells ( Fig.  2G and H, respectively) . However, the cryo-injured urethral sphincters had little muscle tissue that was composed of myoglobin-and SMA-positive cells (Fig. 2I and J, respectively). The leak point pressure of the animals having the injured urethral sphincter, 7.33 AE 0.27 cm H 2 O, was significantly lower ( p < 0.01) than in the sham-injured animals, 12.58 AE 1.26 cm H 2 O.
Reconstruction of layered muscle structures in urethral sphincters
At 7 and 14 days after cell-implantation and cell-free control injection, the urethral sphincters were analyzed by histology and cytology. At 7 days after cell-free control injection, there were a few striated muscle cells with regularly placed myofibrils and smooth muscle cells with irregularly placed myofibrils (Fig. 3A, B) . In contrast, the 7-day cellimplanted regions had developing muscle layers composed of striated and smooth muscle cells (Fig. 3C, D) . At 14 days after control injection, the regions were similar to the 7-day control regions (Fig. 3E, F) . The 14-day cell-implanted regions had distinctly regenerated muscle layers composed of numerous striated and smooth muscle cells, which were similar to the intact urethral sphincters (Fig. 3G, H) .
We analyzed the cell-free control-injected and cellimplanted urethral sphincters by immunohistochemistry. The 7-day cell-free control-injected regions had a few myoglobin-positive cells (Fig. 4A) . In contrast, the 7-day cellimplanted regions had abundant myoglobin-positive cells compared to control regions (Fig. 4B) . The proportion of myoglobin-expressing area in the 7-day cell-implanted regions was significantly higher than that in the 7-day control ones (Fig. 4C, p < 0.01) . At 14 days after control cell-free injection, the presence of cells expressing myoglobin was similar to the 7-day control regions (Fig. 4D) . In contrast, at 14 days after cell implantation, there were numerous myoglobinpositive cells (Fig. 4E) . These cells formed distinct striated muscle layers that were similar to those in intact urethral sphincters. The proportion of myoglobin-expressing area in the 14-day cell-implanted regions was also significantly higher than that in the 14-day control ones (Fig. 4F, p < 0.01) .
At 7 days, both cell-free control-injected ( Fig. 5A ) and cell-implanted ( Fig. 5B ) regions had several clusters composed of the SMA-positive cells. However, the proportion of SMA-expressing area in the cell-implanted regions was significantly higher than in the controls (Fig. 5C , p < 0.01). The 14-day control regions also had several clusters formed by the SMA-positive cells; however, these clusters were similar to the 7-day controls (Fig. 5D) . Compared to the control regions, the 14-day cell-implanted regions had larger clusters of SMA-positive cells. The clusters were organized into smooth muscle layers similar to the intact urethral sphincters (Fig. 5E ). In addition, the proportion of SMA-expressing area in the 14-day cell-implanted regions was also significantly higher than that in the 14-day controls (Fig. 5F , p < 0.01).
Implanted autologous bone-marrow-derived cells
At 7 and 14 days after implantation, we determined if the cells organized into the reconstructed layered muscle structures were derived from the implanted autologous bonemarrow-derived cells. The tissues were double stained with GFP antibody in combination with striated muscle cell-, smooth muscle cell-, or myoblast differentiation-marker antibodies. At 7 days, some of the implanted cells identified by the presence of GFP antibody (Fig. 6A) were simultaneously positive for myoglobin antibody (Fig. 6B) . These doublepositive cells showed that the implanted autologous cells differentiated into striated muscle-like cells. These differentiated cells were widely distributed within the reconstructed muscle layers (Fig. 6C) . Also, some GFP-positive implanted cells (Fig. 6D) were simultaneously positive for SMA antibody (Fig. 6E) . These double-positive cells showed that the implanted cells differentiated into smooth muscle-like cells. These differentiated cells were also widely distributed within the reconstructed muscle layers (Fig. 6F) . At 7 days after implantation, a few GFP-positive cells (Fig. 6G) were simultaneously positive for Pax7 antibody (Fig. 6H) . The number of both GFP and Pax7 double-positive cells were a very few (Fig. 6I) . The majority of cells double-positive for GFP and for myoglobin, SMA, or Pax7 were mononuclear. At 14 days after implantation, the GFP-positive cells ( layer-like structures (Fig. 7C) . Similarly, the GFP-positive (Fig. 7D ) cells that were positive for SMA (Fig. 7E ) appeared to form contacts among themselves, creating smooth muscle layer-like structures (Fig. 7C ). In addition, the striated-and smooth-muscle differentiated cells contacted non-GFP expressing muscle tissues derived from the uninjured surrounding tissues. These cells were then integrated into the recovered muscle layers. Further, differentiated smooth muscle-like cells were also present in blood vessel-like structures ( Fig. 7G-I ). At the same time, a few GFP-labeled cells (Fig. 7J) were simultaneously positive for Pax7 (Fig. 7K, L) , indicating the presence of myoblast-like cells. 
Recovery of leak point pressure
At 7 days after cell implantation, the leak point pressure, 13.15 AE 2.82 cm H 2 O, tended to be higher than the cell-free control group, 8.13 AE 2.43 cm H 2 O, but the difference was not statistically significant (Fig. 8A) . At 14 days, the leak point pressure of the cell-implantation group, 17.82 AE 1.31 cm H 2 O, was significantly higher than that of the control group, 11.78 AE 3.23 cm H 2 O ( p < 0.05, Fig. 8B ).
Discussion
In many clinical cases, the intrinsic sphincter deficiency induces the intractable SUI. Improvements of urethral closure pressures are widely accepted as one of the effective treatments for this form of SUI. Recently, transurethral cell transplantation of adult stem cells, such as myoblasts [37] [38] [39] or adipose-derived mesenchymal cells, 40 into urethras produced bulking effects that increased urethral closure pressure. While the novel therapy of using these cells has a great potential to be effective, there is little evidence so far that indicates the occurrence of muscle tissue reconstruction that would be associated with recovery of the functional urethral sphincters.
Our aim was to utilize autologous bone-marrow-derived cells, which display developmental plasticity, [32] [33] [34] to reconstruct functional urethral sphincters that will inhibit urine leakage. Bone-marrow-derived cells are especially suited for this purpose because they can differentiate into striated or smooth muscle cells, both in vitro and in vivo. 31 Previously, we showed that bone-marrow-derived cells of wild-type mice, when implanted into freeze-injured urinary bladders of nude mice where most of the smooth muscle was lost, differentiate into smooth muscle cells. 36 Further, the bonemarrow-derived cells, when situated in areas of damage, produce cytokines and growth factors based on available signals in the surrounding tissues. 41, 42 The majority of the patients having intrinsic sphincter deficiency-related SUI are elderly and have other diseases. Aging and/or disease processes may affect the potential of bone marrow cells for differentiation, and this needs to be investigated the appropriate animal models. However, in the study reported here, we used young and healthy rabbits to investigate the potential for urethral reconstruction as first step investigation. We harvested bone marrow cells and then cryo-injured the urethral sphincters in the same animal, enabling later implantation of autologous bone-marrow-derived cells. The cryo-injury resulted in the loss of the majority striated and smooth muscle cells that were located at the internal urethral 
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orifice. We showed that the autologous bone-marrowderived cells implanted into the wounded regions promoted the recovery of urinary sphincters composed of striated and smooth muscle cells. At 7 and 14 days, both the myoglobin-and SMAexpressing areas of the cell-implanted regions were larger than those of the cell-free injected control ones. Some of the myoglobin-or SMA-positive cells were simultaneously positive for GFP antibody. Just before the implantation, the cultured cells were positive for GFP antibody; however, they were negative for myoglobin or SMA antibody. We focused only on the implanted cells that maintained expression of GFP after implantation. At 7 days, the majority of both GFP and myoglobin or SMA double-positive cells were mononuclear. While we cannot definitively exclude the possibility of cellular fusion, the findings suggest that the number of these double-positive cells formed by cellular fusion was small. Thus, the GFP-labeled implanted cells differentiated into myoglobin-positive striated muscle-like cells and SMA-positive smooth muscle-like cells within the injured regions.
Bone-marrow-derived cells can produce cytokines and growth factors that accelerate healing in damaged tissues. 41, 42 We do not yet know if the implanted cells secreted trophic factors that promoted differentiation of endogenous cells. Thus, there is the potential that a portion of the regenerated muscle layers were formed in response to trophic factors secreted from the implanted cells. Bone-marrowderived cells have the unique ability to differentiate into target cells and promote healing activities. However, these abilities are expressed only in suitable environments. Human urethral sphincters with intrinsic deficiency-related SUI have not been investigated to determine if the damaged regions provide such an environment that supports regeneration by bone-marrow-derived cells. To achieve clinically significant regeneration with these cells, it may be necessary to combine them with tissue engineering techniques that utilize scaffolds and/or growth factors. 43 In any case, our study clearly showed that in rabbits the injection of bone-marrow-derived cells accelerated the recovery of urinary sphincters compared to cell-free injections.
At 7 days after implantation, cells double-positive for GFP and myoglobin and cells double-positive for GFP and SMA were present within the wound region as isolated cells that were not in physical contact with each other. In contrast, by 14 days the GFP and myoglobin double-positive cells were in contact with each other and with non-GFP expressing striated cells derived from uninjured surrounding tissues. Similarly, the GFP and SMA double-positive cells also contacted each other and non-GFP expressing smooth muscle cells. The association of these cells formed higher order layered muscle structures within the urethral sphincters. In addition, the differentiated smooth muscle-like cells were also present in vessel-like structures. These results suggested that the striated muscle-and smooth muscle-like cells derived from implanted bone-marrow-derived cells might advance the reconstruction of muscle tissues and vascular components to support them.
At 7 days after cell implantation, a few of the GFP-labeled implanted cells were simultaneously positive for Pax7, suggesting that they had myoblast-like properties. However, by 14 days, the number of the cells expressing both GFP and Pax7 were distinctly higher compared to day 7. The myoblasts properly differentiate into striated or smooth muscle cells according to surrounding environment. We believe that the distinct presence of myoblast-like cells at 14 days suggests that recovery of the muscle tissues might have stopped further development of the GFP-Pax7 double-positive myoblasts into striated or smooth muscle cells. 43 Understanding the controls for differentiation of the implanted cells is very important for the further development of regenerative medicine. While we do not understand the regulatory controls that govern the differentiation of the urethral striated and smooth muscle cells, it is clear that the presence of the myoblasts in the regenerated region may have important long-term significance. In the event that the newly differentiated striated and/or smooth muscle-like tissues and structures spontaneously regress or are lost for other reasons, the presence of the myoblast-like cells could ensure the replacement of the lost cells. Thus, the effects of treatments might be maintained for long time.
Like other models of intrinsic sphincter deficiency-related SUI, [44] [45] [46] [47] our experimental rabbits lost urethral sphincter tissues composed of typical striated and smooth muscle cells, and exhibited lower leak point pressures compared to sham-injured rabbits. The urinary sphincters of patients with intrinsic sphincter deficiency-related SUI are considered to be irreversibly damaged. However, this appears not to be the case in our model system. The cell-free injected control rabbits showed a weak but natural recovery of striated and smooth muscle cells accompanied by a slight increase in leak point pressure. We intentionally avoided more severe and serious sphincter damage that would have produced irreversible incontinence because of the potential for urethral stricture or perforation, followed by death. Thus, our model is considered to be an acute incontinence of relatively short duration. While our animal model of intrinsic sphincter deficiency SUI may have some limitations, 7 days after cell implantation, the leak point pressure increased slightly compared to the cell-free injected controls, and by 14 days the improvement was statistically significant. The close correlation of these changes with the accompanying structural changes in the sphincter suggested that the improvement was related to the recovery of muscle layers. However, we do not yet know the leak point pressures of healthy rabbits, and whether or not the rabbits had voluntary control of the sphincters. Clinically, while <60-65 cm H 2 O of (abdominal) leak point pressure is one of the indexes of SUI, it is not sufficient to diagnose SUI. Nevertheless, it is clear that increased or a high leak point pressure is helpful to inhibit urine leakage that can occur during physical activity. Therefore, cell therapy using bone-marrow-derived cells has a great potential to improve urinary incontinence and quality of life.
In conclusion, autologous bone-marrow-derived cells implanted into injured rabbit urethral sphincters differentiated into striated or smooth muscle-like cells. The differentiated cells became organized into layered muscle structures. Recovery of the urethral sphincters was accompanied by improved urethral closure pressure for prohibiting the inadvertent release of urine. Therefore, the implantation of autologous bone-marrow-derived cells has great potential to be an effective treatment for the intrinsic sphincter deficiency-related SUI.
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FIG. 8. Leak point pressures.
(A) At 7 days, the leak point pressure of cell-implantation group (right bar) was slightly higher than the control group (left bar), but the difference was not significant (n ¼ 4, in each group). n.s, no significance. (B) At 14 days, the leak point pressure of the cell-implantation group (right bar) was significantly higher than that of the control group (left bar, n ¼ 4 in each group).
